with the Gemini-North 8-m telescope and astrometrically aligned to the Two-Micron All-Sky Survey (2MASS) catalogue using 14 common objects, with a resulting root mean squared uncertainty of 0.13 arcsec in each coordinate (68% confidence level). The galaxy's optical centroid is located at a J2000 5 16 h 44 min 49.942 s, d J2000 5 157u 349 59.7499 (60.01 arcsec). The Swift X-ray Telescope (XRT) error circle (large white circle), with a radius of 1.4 arcsec (90% confidence level), contains the galaxy, but cannot be used to locate the X-ray transient position. However, the radio position relative to the astrometric solution of the Gemini image has an uncertainty of only 0.18 arcsec (68% confidence level; this uncertainty is dominated by the astrometric match of the optical image to the 2MASS catalogue, not by the radio position itself) and leads to an offset of 0.11 6 0.18 arcsec, corresponding to a physical scale of 0.5 6 0.9 kpc at z 5 0.354. The radio transient position is therefore consistent with an origin in the nucleus of the host galaxy. In a, the radio centroid is marked by cross hairs, and the galaxy optical centroid (with an uncertainty of 0.18 arcsec due to 2MASS astrometric solution) is marked by the small black circle. In b, The galaxy optical centroid is marked by cross hairs, and the radio position (with an uncertainty of 0.18 arcsec due to 2MASS astrometric solution) is marked by the small white circle.
source brightened to 530 6 10 mJy, thereby conclusively linking the X-ray/c-ray transient and the galaxy. The galaxy shows no evidence 6 for an active nucleus (AGN; Supplementary Fig. 1 ), and the lack of previous X-ray/c-ray activity argues 4 against the transient originating in an active galactic nucleus flare.
We carried out additional observations at multiple frequencies spanning 1-345 GHz using several centimetre-wave and millimetrewave facilities (Supplementary Table 1 ). The spectral energy distribution (SED) in this frequency range on 2011 March 30 UT (time since initial transient event, Dt < 5 d) is well described by a power law with F n / n 1.360.1 up to F n (345 GHz) 5 35 6 1 mJy. The steep power law requires self-absorbed synchrotron emission. The weak near-infrared variability 6 indicates that F n (2.5 mm) < 0.1 mJy, and the lack of optical variability leads 6 to an upper bound of F n (0.64 mm) # 2 mJy. The SED therefore peaks in the millimetre band, with a best-fit rest-frame peak frequency and flux density of n p < 6 3 10 11 Hz and F n,p < 80 mJy, respectively (Fig. 2) . The non-detection of optical variability requires significant rest-frame extinction, of A V $3 mag, further supporting a nuclear origin. Subsequent SEDs at Dt < 10, 15 and 22 d show significant evolution, with n p / t 21.3 and F n,p / t 20.8 ( Fig. 2 ).
For synchrotron sources, there is a well-defined minimum energy, achieved 8 near equipartition between the fractional energies in the relativistic electrons (e e ) and the magnetic fields (e B ). This condition defines 9 the equipartition angular radius, h eq 5 110d
mas, where d L,Mpc is the luminosity distance in megaparsecs, F n,p,mJy is the peak flux in millijanskys and n p,GHz is the frequency of peak flux expressed in gigahertz. From the March 30 UT SED, we find that h eq < 1 mas (equipartition linear radius, r eq < 1.5 3 10 16 cm), corresponding to mildly relativistic expansion with a Lorentz factor of C < 2. A more detailed model that accounts 10 for relativistic effects leads to similar results: r eq < 1 3 10
16 cm and C < 1.2 (Supplementary Information). From the observed SED temporal evolution, we find that the source continues to expand relativistically with nearly constant velocity (Supplementary Information). By extrapolating the linear trend in radius, we find a formation epoch in the range 2011 March 23-26 UT, in excellent agreement with the initial c-ray detection on 2011 March 25 UT ( Supplementary Fig. 2 ). This provides independent evidence for a newly formed relativistic outflow.
An angular size of a few microarcseconds will inevitably lead to variability in the low-frequency radio emission due to interstellar scintillation, with the amplitude of modulation depending 11 on the ratio of the source size (h s ) to the Fresnel scale (h F ). For the line of sight to Swift J164449.31573451, the maximum modulation (m p < 1) is expected 12 at n 0 < 10 GHz, for h s < h F < 1 mas. The observed modulation inferred from our detailed radio light curves is tens of percent at 5-7 GHz and a few percent at 15 GHz (Fig. 3 ), leading to a projected radius of h s < 5 mas, or C < 5. This provides independent evidence for a relativistic outflow. Our radio observations with VLBI at a frequency of 22 GHz place an upper bound of r # 0.8 pc on the size of the radius from the accretion site, consistent with the synchrotron and scintillation analyses and providing an upper bound on the lifetime of the event of #1.7 yr for an expansion with C < 2 (Supplementary Information).
The mean X-ray luminosity during the four radio epochs exceeds the synchrotron peak by a factor of ,10 3 and therefore requires a distinct origin (Fig. 2) . One potential mechanism to generate the large X-ray luminosity is inverse Compton scattering of radio synchrotron photons by the relativistic electrons (synchrotron self-Compton (SSC)), but from the relativistic model we find a predicted SSC X-ray luminosity of only ,2 3 10 45 erg s 21 (Supplementary Information). Similarly, although order-of-magnitude variations in brightness are seen in the X-rays, our detailed radio light curves do not reveal the coincident variations that would be expected for SSC (Fig. 3) . We therefore conclude that the X-ray emission is dominated by a distinct, more compact emission region, most likely at the base of the outflow.
Having established the birth of a relativistic outflow, coincident with the nucleus of the host galaxy, we now briefly describe a model to power the outflow through transient accretion 5 onto a supermassive black hole (SMBH). The host galaxy luminosity, M B < 218.2 mag, implies 13 a modest SMBH mass of ,10 6 solar masses (M [ ). The duration of the bright early phase in the X-ray light curve, ,10 5 s, coincides with the debris fallback time for a solar-mass star tidally disrupted at a pericentre distance of R p < 13(M SMBH /10
Schwarzschild radii. The most-highly bound stellar debris is expected to feed the black hole at an initial rate 14 of ,0.5M [ /10
5
. With a radiative efficiency of $1% at ,R p , this can account for the observed X-ray luminosity. However, this luminosity is ,10 3 times the Eddington limit for a ,10 6 M [ black hole, leading inevitably to a highly collimated outflow, the origin of the radio-emitting relativistic outflow found here.
We conclude with several key implications of our results. First, our initial estimate of the energy, E K < 3 3 10 50 erg at Dt < 22 d (Supplementary Table 2 ), corresponds to the Eddington luminosity of a 10 6 M [ black hole, lending support to the tidal disruption scenario and suggesting that the X-ray/c-ray emission is collimated by a factor of ,10
3
. Long-term radio monitoring will test this result by providing Figure 2 | SEDs (luminosity, nL n ; frequency, n) of Swift J164449.31573451 from radio to X-rays point to synchrotron emission from a relativistic outflow. Our radio observations cover decimetre to millimetre wavelengths at 5, 10, 15 and 22 d after the initial c-ray detection (errors of 1 s.d. are smaller than the symbol sizes). The near-infrared (NIR) luminosity on March 30 can only be constrained within a factor of five owing to the unknown contribution from the host galaxy; on April 4, the NIR upper limit is inferred from a Hubble Space Telescope image 6 . Only an upper bound is available on the optical luminosity (black triangle), owing to the lack 6 of variable emission. The flux in the soft-X-ray band is highly variable on March 30, but is more quiescent at 10, 15 and 22 d (extrema marked by vertical bars and mean brightness marked by solid symbols, with points at 10 and 15 d shifted slightly in frequency for clarity). The radio, NIR and optical data are well modelled by an evolving synchrotron spectrum (solid lines) with a large rest-frame optical extinction of A V $ 3 mag. The synchrotron curves for the March 30 SED are for two values of the synchrotron cooling frequency: n c < 2 3 10 13 Hz (steeper optically thin slope) and n c $ 2 3 10 18 Hz (shallower optically thin slope). This model cannot explain the large X-ray luminosity, which remains nearly constant while the radio spectrum is evolving strongly. A representative model for the X-ray spectrum (data, black dots; model, black line) includes power-law (F n / n 0.9 ) and black-body (k B T < 1 keV, where k B is Boltzmann's constant and T is the temperature) components with significant absorption (hydrogen column density, N H < 2 3 10 22 cm
22
), in agreement with the large optical extinction. Shown for comparison is the SED of the canonical blazar BL Lacertae in two separate states (varying in peak frequency and flux of the synchrotron component), normalized to the luminosity of Swift J164449.31573451 at 345 GHz. The blazar SED provides a poor match.
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precise, beaming-independent calorimetry 15, 16 of the true amount of energy released. Continued radio observations will also uniquely probe the density structure near a previously dormant SMBH as the ambient medium is swept up by the relativistic outflow. From the existing data, we find that n e / r 22.4 , where n e is the electron number density (Supplementary Information).
Second, with continued expansion, we expect that VLBI observations will resolve the radio source on a timescale of ,2 yr, and directly confirm the relativistic expansion; from the observed flux density evolution, we predict a peak of a few millijanskys at a frequency of several gigahertz on this timescale, which is within the reach of the Very Long Baseline Array.
Third, from the detection of a single such event in six years of Swift operations, we infer a rate of ,0. ). This suggests that the properties of Swift J164449.31573451 are exceedingly rare; if it is due to jet collimation then the implied beaming fraction is ,10 3 , consistent with the ratio of the observed X-ray luminosity to the Eddington limit and the radio-inferred energy.
Finally, past searches [20] [21] [22] for tidal disruption events have focused on the expected 14 bright optical/ultraviolet and soft-X-ray emission, but the large optical extinction and associated soft-X-ray absorption in Swift J164449.31573451 suggest that radio observations may provide a cleaner signature. This is particularly true if the X-ray/c-ray emission is beamed by a factor of ,10 . With a scattering screen distance of ,1 kpc, the transition from weak to strong scattering occurs 11 at n 0 < 10 GHz, and the Fresnel scale is h F,0 < 1 mas (sizes are given as radii). At frequencies above n 0 , the modulation index is given by m p / (n/n 0 )
217/12
(h s /h F,0 ) 27/6
. For frequencies below n 0 , refractive scintillation leads to m p / (n/n 0 ) 17/30 (h s /h r ) 27/6 , where the refractive scale is h r 5 h F,0 (n/n 0 )
211/5
. By comparing these results with the observed modulation, we infer a size of h s < 5 mas. Also shown is the Swift X-ray light curve 4 binned on a timescale of 15 min and multiplied by a factor of 1.3 3 10 10 to fit on the same flux density scale as the radio data. The strong X-ray variability during the first 10 d is not accompanied by similar order-of-magnitude fluctuations in the radio bands, pointing to a distinct origin for the radio and X-ray emission. b, Light curves at 44-345 GHz from the EVLA, the Combined Array for Research in Millimeterwave Astronomy and the Submillimeter Array (error bars, 1 s.d.). These frequencies are mainly in the decline phase and therefore provide information on the peak of the synchrotron spectrum (Fig. 2) . Upper limits at 345 GHz are marked by triangles.
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